The novel method of estimating the volume of distribution involves (a) administering an appropriate bolus intravenous dose of the drug, (b ) starting a constant-rate intravenous infusion of the drug at the same time, (c) maintaining the infusion for a given number of hours, (d) measuring the drug concentration over the entire time course, (e) computer-fitting the postinfusion data to obtain estimates of
INTRODUCTION
The volume of distribution of a drug is an essential parameter in many pharmacokinetic calculations, and it may or may not have physiological implications. This article describes a novel method of estimating the volume of distribution of a drug which obeys Michaelis-Menten elimination kinetics. The experimental procedure involves the administration of a 
EXPERIMENTAL
The cat experiments were run as described by Wagner et al. (1) .
During each study, blood pressure, heart rate, body temperature, respiratory rate, blood alcohol concentration, and blood acetaldehyde concentration were measured as a function of time, but only the blood alcohol (1) .
THEORE~CAL
Assuming that the "body" acts as a single compartment, equations 1 and 2 are applicable to the experimental conditions in the interval O<_t<_T.
where C is the whole blood concentration of ethanol (mg/ml), t is time (hr), V is the volume of distribution (ml/kg), k0 is the constant infusion rate Emg/(kgxhr)], Vm is the maximal velocity of elimination [mg/(mlx hr)], K,, is the Michaelis constant (mg/ml), Co is the estimated initial concentration of ethanol at time zero (mg/ml), and DL is the loading dose of ethanol given by bolus intravenous injection (mg/kg). To estimate Co, the value of 600 ml/kg was used for V; this does introduce a small error into the final estimate of V derived from the cubic equation derived later, but the error is very small.
After the infusion ceases at time T (i.e., for t-T), the blood alcohol concentration obeys
Integration of equation 1 yields
Integration of equation 4, to obtain the area under the concentrationtime curve from 0 to T, yields equation 5, where CT is the concentration at time T:
Integration of equation 3, to obtain the area under the concentrationtime curve from T to oo, yields
Addition of equations 5 and 6 yields the total area, Aoo. Rearrangement of the resulting equation for Aoo yields
AV3+BV2+C'V+D+{EV3+FV2}In[(G-HV)/(I-JV)]=O
where
Since the parameters Co, ko, CT, T, V,,, Kin, and A~ are readily estimated or known from experimental data, V .may be obtained from equations 7-17. An iterative digital computer program (given in the Appendix) was employed to obtain V. The program includes equations [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
To obtain estimates of V,, and Kin, the postinfusion C, t data were fitted to the integrated form of equation 3, namely equation 18, by numerical integration of equation 3, using the program NONLIN (2) and the AMDAHL470V/6 digital computer. Details of such fittings with ethanol data are given elsewhere (3-7). In equation 18, CT is the estimated value of the blood alcohol concentration at cessation of the infusion and the other symbols have already been defined.
CT --C +Kin In [CT/C] = Vm(t--T)

RESULTS
The estimated initial and the observed ethanol concentrations are listed in Table II . The sensitivity of the assay was such that essentially the total area under the concentration-time curve was obtained by application of the trapezoidal rule. This was checked by using equation 6 as well as the trapezoidal rule to estimate AUC T-c~, where for the trapezoidal rule only the concentration up to the last sampling time (Table II) was employed. For the 12 sets of data the means were 0.834 and 0.824mg/(ml• (paired t = 0.37, p > 0.25) for the area from equation 6 and by trapezoidal rule, respectively. This also provides a check on the pharmacokinetic model. 
DISCUSSION
For cat 1, studied four times with ethanol alone, the mean volume of distribution was 571 ml/kg, with a coefficient of variation of 7.4%. In calculating the other means, this mean of 571 ml/kg was employed to represent cat 1. For the five cats given ethanol alone, the mean volume of distribution was 635 ml/kg, with a coefficient of variation of 23.0%. For the experiments in cats 2-5, where another drug was given by bolus intravenous injection at 4hr, the mean volume of distribution was Table IV lists estimates of total body water in the adult c-at taken from Altman and Dittmer (8). The weighted mean total body water is 593 ml/kg, and the mean value for 11 cats, based on the urea method, is 630 ml/kg. These values agree very closely with the volume of distribution of ethanol estimated in our studies (Table III) , strongly suggesting (a) that ethanol is distributed in total body water as has been reported before (9,10) and (b) that the method described herein, using ethanol, may be a useful method for determining total body water.
The volume of distribution estimated in such studies by the method outlined is not necessarily just the "Va of the one-compartment open model." Under the conditions of the studies, various body " c o m p a r t m e n t s " are essentially "filled" with drug within a b o u t a 1-hr p e r i o d after administration of the bolus i n t r a v e n o u s dose and the initiation of the c o n s t a n t -r a t e i n t r a v e n o u s infusion. H e n c e a m u l t i c o m p a r t m e n t o p e n m o d e l essentially b e c o m e s a o n e -c o m p a r t m e n t o p e n m o d e l within a short time after initiation of the e x p e r i m e n t . T h e fact that t h e r e was little, if any, e v i d e n c e of a distribution phase in the postinfusion data supports this. A similar but linear p h a r m a c o k i n e t i c example, with a drug having an a p p a r e n t elimination half-life of 11.5 hr, was r e p o r t e d by P a a l m a n et al. (11) ; w h e n an infusion of their drug was a d m i n i s t e r e d o v e r 0.5 hr, the postinfusion data were fitted by a b i e x p o n e n t i a l equation, but w h e n the same drug was infused o v e r a 2 4 -h r p e r i o d the postinfusion data w e r e fitted with only a single e x p o n e n t i a l term. U n f o r t u n a t e l y , in that article (11) the captions for Figs. 2 and 3 w e r e reversed. (studies 16, 18, 19, 23, and 25) the slope of the C, t plot was not significantly different from zero, indicating attainment of steady state. Table V 
